acteristic of lupus nephritis associated with chronic renal histological changes. Background. Apoptosis is a mechanism of cellular death involved in the deletion of cells in hyperplasic
done to evaluate apoptosis in relation to the intensity of proliferation in several glomerulonephritis and the Apoptosis or programmed cell death is a regulatory possible association between this relationship and the mechanism for deletion of unwanted cells, with a chronic histologic changes in lupus nephritis.
crucial role in embryology, immunology, and neoplasia Methods. Studies were done in renal biopsies from 19 [1, 2 ] . Apoptosis of infiltrating leukocytes and proliferpatients with lupus nephritis (types, IV, Va, Vb) classiating intrinsic renal cells during glomerulonephritis fied with respect to chronicity and activity indexes, could be relevant in the clearance of these cells and five patients with acute poststreptococcal glomeruloresolution of renal injury. Apoptosis has been investinephritis, five with idiopathic mesangioproliferative gated in mesangial cells of experimental glomeruloglomerulonephritis, four with membranous glomerulonephritis [3] [4] [5] [6] and in biopsies of human proliferative nephritis, four with minimal-change nephrotic synglomerulonephritis [7 ] . Diminished apoptosis has been drome, and three patients with focal segmental reported in systemic lupus erythematosus (SLE ) [8] [9] [10] [11] sclerosis. Seven normal kidneys which could not be and it is possible that protracted resolution of the renal used for transplantation were used as a control group. injury in this disease could be related to this Apoptosis was determined by in situ DNA nick-end phenomenon. labelling techniques and proliferating cells were identiSince the pathophysiological relevance of the apopfied with a monoclonal antibody antiproliferating cell totic response has to be evaluated in relation to the nuclear antigen (PCNA).
intensity of the proliferative reaction, we studied quantResults. Decreased number of apoptotic cells and a itatively apoptosis and cellular proliferation in lupus high ratio of PCNA5apoptosis were observed in glomnephritis and other renal diseases. erulus and tubulointerstitium of patients with lupus nephritis when compared to other proliferative glomerulonephritis and controls. In lupus nephritis, glomer-Subjects and methods ular apoptosis had a negative correlation with the chronicity index (r=−0.606 P=0.005). The number Source of tissues of apoptotic cells in the glomeruli was not correlated with the number of PCNA positive cells in lupus Renal biopsy material available in our pathology files was nephritis, in contrast with a striking linear correlation used in this investigation. Biopsies had been obtained by observed in acute poststreptococcal nephritis (r=0.925, percutaneous needle technique from patients with a diagnosis P=0.024), a disease with excellent prognosis.
of: lupus nephritis ( 19 biopsies), classified according to the Conclusions. Apoptosis is decreased in proliferative World Health Organisation ( WHO) classification modified lupus nephritis. Intense proliferation without increment in 1980 by the International Study of Kidney Diseases of in apoptosis (a high PCNA5apoptosis ratio) is a char-Childhood (ISKD) [ 12] . The biopsies of these patients were biopsies and Vb (diffuse membranous with mesangial altera-Identification of proliferating cells tions), four biopsies; acute poststreptococcal glomerulonephritis (APSGN; n=5); idiopathic mesangioproliferative Frozen sections fixed in 10% neutral buffered formalin were glomerulonephritis (MPGN; n=5); membranous glomerulo-used in studies for the detection of the proliferating cell nephritis ( MGN; n=4), minimal-change nephrotic syndrome nuclear antigen (PCNA). Sections 4 mm thick were postfixed in methanol, washed with PBS, and incubated with ( MCD; n=4), and focal segmental sclerosis ( FSG; n=3). avidin (2 mg/ml, Sigma Chemical Co, St Louis, MO, USA) Hospital records were reviewed to obtain the clinical informafor 20 min. After washing with PBS, section were incubated tion. Kidneys from seven potential cadaver donors for whom with 0.001% biotin solution (Sigma Chemical Co, St Louis, a suitable receptor could not be found, were utilized as MO, USA) for 20 min. Afterwards sections were incubated normal controls. These kidneys were considered as normal for 2 h with a monoclonal antibody to PCNA ( Zymed under criteria of functional and histological parameters.
Laboratories, San Francisco, CA, USA) diluted 1520 in Tris These kidneys were kept at 2-4°C after removal until the saline buffer, pH 7.8. Subsequently the tissue sections were time it was decided that they would not be transplanted.
incubated with 2.5% low fat milk solution in Tris buffer for From this time on, biopsy samples of the control kidneys 15 min and then treated with biotinylated F (ab∞) 2 goat antiwere processed in the same manner as the rest of the biopsies.
mouse IgG antibody (Organon Teknica Corporation, Cappel, All these kidneys had been removed from donors with Durham, USA) at a dilution of 1510 in milk-Tris for 1 h. beating hearts; however, they had variable degrees of hypoAfterwards sections were washed in PBS and incubated with tension and reversible episodes of cardiac arrests prior to peroxidase-conjugated Extravidin@ (Sigma Chemical Co, St organ removal.
Louis, MO, USA) for 30 min. The reaction products were All renal tissue was placed in OCT compound ( Tissue exposed by using hydrogen peroxide, containing 3,3∞-Tek II, Miles Laboratories, IL, USA), snap frozen in dry ice diaminobenzidine in Tris buffer, then examined under a light and acetone and kept at −80°C until used.
microscope. The histological classification of the biopsies and the scores for the activity and chronicity indexes in lupus nephritis were obtained from the biopsy reports and were confirmed by Calculations and statistical analysis additional revision by two of the authors. The activity index score (0-24) was calculated according to the scheme reported The PCNA-positive cells and apoptotic cells were counted by Austin et al. [ 13] by summing the individual score given in all glomeruli ( 3-7 per biopsy) and in 7-12 tubulointerstitial to each of the following parameters: glomerular hypercellul-areas of 0.0625 mm2 in each biopsy, depending on the arity (0-3 ), glomerular necrosis (0-6), cellular crescents integrity of the tissue, with the help of an ocular piece fitted ( 0-6), hyaline thrombi (0-3 ), polymorphonuclear leukocytes with a grid. Readings were done by at least two investigators. in the glomeruli ( 0-3), and interstitial inflammation (0-3 ). For each biopsy, the values represent the mean of the counts The chronicity index score (0-12 ) was calculated summing in the glomeruli and interstitium. The PCNA5apoptosis ratio the score given to each of the following parameters: glomer-was calculated for each biopsy and for glomerular and ular sclerosis ( 0-3), fibrous crescents (0-3 ), interstitial fib-tubulointerstitial areas separately. When no apoptotic cells rosis (0-3), and tubular atrophy (0-3). The absence of a were present (which would mean zero in the denominator), parameter was counted as zero; and if present, was assigned the number of PCNA positive cells was used instead of a value of 1 when mild and 3 when severe. In the case of the ratio. cellular crescents and necrosis the following values were used:
Results in the groups are shown as mean±SEM. Multiple zero when absent, 3 when present in approximately 50% of comparisons were done with Kruskall-Wallis non-parametric glomeruli and 6 if all glomeruli were affected [13] .
ANOVA test followed by Dunn's tests. Comparisons between groups were done with Mann-Whitney test and association between variables were analysed with linear correlation as well as by Spearman's rank correlation. Two-tailed P<0.05
Identification of apoptosis were considered statistically significant.
The frozen sections (4 mm) were fixed in 10% neutral-buffered formalin and post-fixed in ethanol:acetic acid for 5 min at Results −20°C. Tissue fragmented DNA was nick-end labelled using the ApopTag@ In situ Apoptosis Detection Kit-Fluorescein Table 1 shows age, sex, serum creatinine, urinary pro-(ONCOR, Gaithersburg, MD, USA). Embryonic rat forelimb bud to detect developmental cell deletion was used tein excretion, time of the biopsy in relation to the as positive control. Negative controls were represented by beginning of symptoms, and histological characteristics renal and embryonic rat forelimb bud tissues incubated of the SLE patients in this study. The evolution of the with distilled water instead of TdT enzyme in the reaction disease before the biopsy ranged from 3 to 17 weeks buffer. Slides were mounted with SlowFade@ Antifade kit in the patients with SLE (3-9 weeks in type IV ( Molecular Probes, INC. USA) to delay fluorescence quench-patients), from 3 to 6 weeks in the patients with PSGN, ing, and examined with an epifluorescence microscope from 5 weeks to 1 year in the patients with MPGN, ( AxiosKop, Zeiss, Germany). Normal tissues were also from 1 month to 2 years in the patients with MGN, stained with propidium iodide (ONCOR, Gaithersburg, MD, and from 1 month to 1 year in the patients with MCD. tubulointerstitial areas of proliferative GN other than SLE. However, despite a comparable number of the glomerulus and tubulointerstitium. The surgically removed kidneys from cadaver donors are listed as PCNA-positive cells, a decreased number of apoptotic cells were found in proliferative lupus nephritis controls in Table 2 , even though the variable haemodynamic conditions prior to excision of the kidney, ( Figure 1 ). The presence of many cells showing condensation of cytoplasm and nuclear chromatin typical which could potentially influence results, are obviously beyond control. The number of apoptotic cells in these of apoptosis, as well as positive nick-end labelled nucleus fragments (apoptotic bodies) in vacuoles of kidneys ranged from 0 to 0.6 per glomerular cross section, and from 0.3 to 1.06 per 0.0625 mm2 of mesangial phagocytic cells were observed in sections of proliferative glomerulonefritis other than SLE interstitium. These 'normal' tissues were also stained with propidium iodide and the number of apoptotic ( Figures 1, 2 ) . Table 2 summarizes the values of apoptosis and cells detected with this technique was about one half the number found using TdT technique (Table 3 , proliferating cells (PCNA+) in the glomerulus and tubulointerstitium of normal kidney and different Figure 3 ). In kidney biopsies from patients with diffuse proliferative (type IV ) and membranoproliferative glomerulonephritis. In normal kidneys only a few nickend labelled nuclear fragments and PCNA+cells were (type Vb) lupus nephritis, reduced numbers of apoptotic cells in glomerulus and tubulointerstitium were identified. Tissues from patients with APSGN and MPGN showed increased number of apoptotic cells in found ( Table 2 and Figure 4 ) and the ratio PCNA/ apoptosis was significantly higher (P<0.01) than in meters in the glomerulus, but not in the tubulointerstitium; however, there was a linear correlation (r=0.636, controls and other glomerulonephritis ( Figure 5 ) .
A striking contrast was found when the data from P<0.01) between the PCNA5apoptosis ratio and the chronicity index in the tubulointerstitium. SLE was compared with the data from APSGN ( Figure 6 ). In the former, there was no correlation between the number of PCNA-positive cells and the Discussion number of apoptotic cells in the glomeruli; in contrast, a highly significant linear correlation existed between proliferation and apoptosis in APSGN (r=0.925, In recent years apoptosis has been widely recognized as a type of cellular death morphologically and bio-P<0.03, Figure 6 ). Figure 7 shows the relationship between number of chemically different from necrosis [14-16 ]. The demonstration of apoptosis in renal diseases was previously apoptotic cells in glomerulus and chronicity index in patients with lupus nephritis. There was a inverse reported by Harrinson [7] , who briefly described the presence of apoptotic bodies in glomeruli of patients correlation (r=−0.606, P=0.005) between those para-this view is the finding of increased number of apoptotic cells in glomeruli and tubulointerstitial areas in patients with proliferative glomerulonephritis that are associated with a good prognosis, particularly APSGN [17] . Even though the number of patients is low, in this disease there appears to be a striking linear positive correlation between the intensity of the proliferative reaction and the degree of apoptosis ( Figure 6 ). The data in APSGN and MPGN contrast with the scarce number of apoptotic cells found in the kidney of patients with proliferative lupus glomerulonephritis.
The mean number of apoptotic cells in our control kidneys is much higher than the value found in normal humans in a preliminary report by Szabolcs et al. [18] . These authors reported 0.03 reactive round nuclei and 0.11 nuclear fragments in the glomeruli of normal kidneys demonstrated by in situ end labelling. Since we found 0.33±SEM 0.11 apoptotic cells by similar methods (Table 2 ) , we also used the propidium iodide technique in our normal biopsies. The propidium iodide method relies on morphological criteria of established apoptosis whereas in situ end labelling can also detect cells at earlier stages of process, so it is not surprising that results with the latter are twice as high (Table 3 ) . Nevertheless even the normal values found with propidium iodide are higher than those reported by Szabolcs et al. [18] . It is possible that some control kidneys in our study had inappropriately high number of apoptotic cells; one possibility is that refrigeration at 2-4°C for extended periods of time, prior to freezing and processing, induces artefactual DNA fragmentation. Furthermore, haemodynamic conditions of cadaver donors may be severely impaired for several days prior to kidney removal, including one or several episodes of cardiac arrest: what effect, if any, this may have in the results of nick-end labelling for apoptosis, is not known. Consistent with these considerations is the wide range of apoptotic cells found in the control kidneys (Table 3 ) and the fact that our data for glomerular apoptotic cells in biopsies of APSGN and MPGN concurs with that of Szabolcs et al. [18 ] . The possibility of using portions of apparently healthy kidney from nephrectomies done in renal cancer patients circumvents some of the problems outlined mine cells in S phase of proliferation [19, 20] . Increased number of PCNA+cells were demonstrated in the glomeruli of patients with non-proliferative GN with proliferative glomerulonephritis. Observations from experimental models of glomerulonephritis [3] [4] [5] [6] (Table 2 ). This is not surprising since the traditional criteria for separating proliferative and nonhave indicated that infiltrating neutrophils and mesangial cells may undergo apoptosis. Abnormal prolifera-proliferative GN are based in the number of cells found in the glomeruli by standard H&E staining. The tion of intrinsic glomerular cells and infiltrating leukocytes is a common consequence of glomerular local injury in non-proliferative GN could induce PCNA expression in renal cells [19] , particularly in inflammation. Previous reports [6 ] have strongly suggested that apoptosis is essential for the recovery to the glomerular and peritubular endothelial cells, which show the highest proliferative rate of all renal cell the original structure in proliferative GN by eliminating 'undesirable' proliferating cells. In agreement with population [19] . murine MRL-lpr/lpr derived anti-DNA monoclonal antibodies have the properties to block the DNAase I and inhibit apoptosis [22] . In human SLE, three phenPrevious reports have suggested that in certain murine models, SLE is directly linked with a defect in omena may be partially responsible for a downregulation of apoptosis. First, serum levels of soluble Fas apoptosis [8, 9, 21 ] . In autoimmune-prone mice, crosslinking of immunoglobulins to B cells did not induce molecule (APO-1, CD95 ), which is known to inhibit nephritis) and in the other renal diseases, is low. If we consider the 15 cases of lupus nephritis with proliferative changes (11 with type IV and 4 with type Vb) and compare them with the remaining 10 proliferative glomerulonephritis in the study ( 5 with APSGN and 5 with MPGN ), the same results are found: decreased apoptosis in SLE in relation to the degree of proliferative reaction. Our data indicates that in SLE the chronicity index obtained from histological parameters had a negative correlation with the number of apoptotic cells in the glomerulus. This finding is contrary to a positive correlation between apoptotic cells and sclerosis index reported in nine patients in a recent publication [24 ] . The reasons for this discrepancy are not 
